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REMARKS 

In the Office Action dated July 25, 2002, the Examiner objects to the drawings. 
The Examiner rejects claims 1-20 under 35 U.S.C § 103(a). After entry of this Amendment, 
claims 1-20 are pending in the application. Claims 1, 2 and 15-17 have been amended. Claims 
21-28 have been added, and no claims have been canceled. After entry of this Amendment, 
claims 1-28 are pending in the application. For the reasons set forth herein, claims 1-28 are 
allowable over the prior art of record. Reconsideration is respectfully requested. 

The Examiner objects to the drawings as failing to comply with 37 C.F.R. 
1 .84(p)(4) because reference numeral 34 has been used to designate both a line and the two poles. 
It is respectfully submitted that the reference numeral 34 only designates a line at which a pole is 
centered in the figures, particularly Fig. 3. Therefore, the drawings do not fail to comply with 37 
C.F.R. 1.84(p)(4) on this basis. However, the specification has been revised to clarify that the 
reference numeral 34 does not designate a pole, it designates a line at which a pole is centered. 
The Examiner further objects to the drawings pursuant to 37 C.F.R. 1 .84(p)(4), stating that the 
reference numerals 32 and 1 8 have both been used to designate the ring magnet. It is respectfully 
submitted that this element numbering conforms with the requirements of 37 C.F.R. 1 .84(p)(4). 
The ring magnet 32 is the ring magnet according to the embodiment of Fig. 3, while the ring 
magnet 18 is the ring magnet according to the embodiment of Fig. 1. While both are ring 
magnets, they are not identical in the two embodiments. Therefore, different numbers are 
provided in accordance with 37 C.F.R. 1.84(p)(4). 

The Examiner objects to the drawings under 37 C.F.R. 1 .83(a), stating that the 
drawings fail to show the depression portion forming an apex of a triangle as described in claim 
12 and that the drawings fail to show the rotor yoke comprising a stack of laminations as 
described in claim 8. It is respectfully submitted that the depressed portion forming an apex of a 
triangle was shown in Fig. 2B of the drawing as originally submitted. The Applicants address the 
objection based upon claim 8 below with the remainder of the drawing changes. 

Attached hereto is a Request for Drawing Change Approval to accompany the 
changes marked in red on the attached sheets. In Figure 3, the rotor 10 has been renumbered to 
100 to indicate that the rotor 100 in the embodiment of Fig. 3 is different from the rotor 10 in the 


# 
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embodiment of Fig. 1 . The two embodiments illustrated in Figs. 2A-2C have been split into two 
set of figures. Specifically, Figs. 2A through 2C are three examples of possible shapes for the 
depressed portions of the magnet ring of the rotor design of Fig. 1 . Thus, the reference numerals 
30, 36 and 38, which refer to the embodiment of Fig. 3, have been removed. New Figures 4A 
through 4C have been added and marked "Proposed." Figures 4A-4C are three examples of 
possible shapes for the depressed portions of the rotor yoke of the rotor design of Fig. 3, which 
were previously shown in Figures 2A-2C. Figure 4 has been changed to Fig. 5 to accommodate 
the addition of the new Figs. 4A-4C. Finally, new Figure 6, which is also marked "Proposed," 
has been added to show the feature of claim 8 wherein the rotor yoke comprises a stack of 
laminations. It is submitted that these changes merely clarify the drawing figures and add no new 
material to the application as filed. The Applicants respectfully request the Examiner's approval 
of the new drawing figures 4A-4C and 6 and the drawing changes to Figs. 2A-2C, 3 and 4. 

The Applicants acknowledge the Examiner's request for new drawings due to the 
objections by the draftsperson. Such drawings will be submitted upon approval of the requested 
drawing changes. 

The Applicants have amended the specification to incorporate the new drawing 
figures and to make minor clarifications to the text. It is respectfully submitted that these 
changes have support in the Application as originally filed, including the specification, claims 
and drawing and that these changes add no new matter to the Application. Approval of the 
changes to the specification is respectfully requested. 

The Examiner rejects claims 1-7 and 9-14 under 35 U.S.C. § 103(a) as being 
unpatentable over Suzuki et al. (6,081,058) in view of Takahashi (5,682,072). The Examiner 
rejects dependent claim 13 because the selection of a known material based upon its suitability 
for the intended use is a design consideration within the skill in the art. Claim 1 has been revised 
to remove the unnecessary feature that each depressed portion is located around a midpoint 
between two poles. A similar feature has been added as a new dependent claim. Claim 1 also 
clarifies that the radially-inner peripheral edge of the permanent magnet ring has a constant 
radius. Finally, the feature that one of the rotor yoke and the permanent magnet ring is an 
annular member including depressed portions along an outer peripheral edge has been clarified 
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so that the edge is clearly identified as the radially-outer peripheral edge. Dependent claim 2 has 
been amended to clarify its feature that the other of the rotor yoke and the permanent magnet ring 
is ring-shaped. It is respectfully submitted that the cited references, either individually or in any 
permissible combination, fail to teach or suggest all the features of claim 1 and its dependent 
claims. 

The Examiner states that Suzuki et al. teaches a permanent magnet motor having a 
rotor yoke 8 and a rotor magnet 9 that is adhered to the rotor yoke 8. The Examiner further states 
that the rotor magnet 9 and the rotor yoke 8 are annular members with the rotor magnet 9 
including depressed portions around a midpoint between the poles AA. The Examiner states that 
it would have been obvious to one of skill in the art to modify Suzuki et al. with Takahashi' s 
disclosure in Fig. 7 of a rotor 107 having grooves 116 along the outer peripheral edge of the rotor 
107 in order to minimize the variations of torque within the permanent magnet motor. It is 
respectfully submitted that the feature of claim 1 of depressed portions along an outer peripheral 
edge, i.e., the radially-outer peripheral edge, of the permanent magnet ring is not shown in 
Suzuki et al. In Suzuki et al., the grooves in the rotor magnet 9 are located on the inner 
peripheral edge of the rotor magnet 9. Suzuki et al. also fails to teach the feature of claim 1 that a 
radially-inner peripheral edge of a permanent magnet ring has a constant radius. In fact, Suzuki 
et al. teaches that grooves along the inner peripheral surface of the rotor magnet 9 facing the 
stator 4 are necessary. 

It is further submitted that there exists no motivation, teaching or suggestion to 
incorporate any of the rotors, such as rotor 107, from Takahashi into Suzuki et al. As described 
with reference to Fig. 32 of Takahashi, a permanent magnet rotor 505 is mounted on the rotary 
shaft 504 of the motor 501, facing a stator 506. (Takahashi, col. 15, 11. 36-48 and Abstract). In 
contrast, Suzuki et al. teaches an outer rotor type 3-phase DC brushless motor. (Suzuki et al., 
col. 3, 11. 37-40 and Fig. 5). These teachings can not be combined without changing the 
fundamental structure and teaching of Suzuki et al. that grooves along the inner peripheral 
surface of the rotor magnet 9 facing the stator 4 are necessary to obtain the proper magnetic flux 
density. For the foregoing reasons, the invention as defined by claim 1 and its dependent claims 
2-7 and 9-14 is not rendered obvious by cited references. 
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In addition to the reasons set forth with respect to claim 1, from which it depends, 
claim 12 is allowable over the prior art of record because none of the cited references teaches or 
suggests the feature of claim 12 that each of the depressed portions forms an apex of a triangle. 

The Examiner rejects claim 8 under 35 U.S.C. § 103(a), stating that it would have 
been obvious to modify the combination of Suzuki et al. and Takahashi to comprise the rotor 
yoke as a stack of laminations as taught in Lungu (6,262,510) to achieve a high rotational speed. 
However, it is respectfully submitted that the Examiner appears to be engaging in hindsight to 
render the invention obvious. The motivation proposed by the Examiner is not present in either 
Suzuki et al. or Takahashi. Efficiency of the motor is a motivating factor in Suzuki et al., while 
reduction of torque variations is a motivation in Takahashi. Even if Sukuki et al. and Takahashi 
were able to be combined as posited by the Examiner, Lungu teaches four U-shaped yokes 1 1 , 
112 with eight unevenly spaced poles 111 surrounding a six-pole rotor 12. It is neither taught nor 
suggested in Lungu that a rotor yoke comprising a stack of laminations would achieve a high 
rotational speed in such a different configuration. Finally, even if the references were combined 
as proposed by the Examiner, they would still fail to teach the feature of claim 1 of a permanent 
magnet ring mounted on the rotor yoke, the permanent magnet ring including a plurality of 
circumferentially spaced poles, wherein a radially-inner peripheral edge of the permanent magnet 
ring has a constant radius and one of the rotor yoke and the permanent magnet ring is an annular 
member including depressed portions along a radially-outer peripheral edge. 

The Examiner rejects claims 15-20 under 35 U.S.C. § 103(a) as being 
unpatentable over Suzuki et al. in view of Takahashi. The Examiner states that Suzuki et al. 
teaches a permanent magnet motor having a rotor yoke 8 and a rotor magnet 9 that is adhered to 
the rotor yoke 8. The Examiner further states that the rotor magnet 9 and the rotor yoke 8 are 
annular members with the rotor magnet 9 including depressed portions around a midpoint 
between the poles AA. The Examiner states that it would have been obvious to one of ordinary 
skill in the art to modify Suzuki et al. with Takahashi's disclosure in Fig. 7 of a rotor 107 having 
grooves 116 along the outer peripheral edge of the rotor 107 in order to minimize the variations 
of torque within the permanent magnet motor. 
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Claim 15 has been amended to more particularly point out and distinctly claim the 
features of the invention and to further distinguish the features defined therein from the features 
described in claim 1 . Claim 15 now states that the permanent magnet ring is adhered to the rotor 
yoke. The permanent magnet ring has a radial edge opposed to the rotor yoke, and the radial 
edge has a first constant radius. In addition, the feature that one of the rotor yoke and the 
permanent magnet ring includes a plurality of depressions along an outer peripheral edge has 
been clarified to indicate a peripheral edge adjacent the other of the permanent magnet ring and 
the rotor yoke includes the plurality of depressions. The feature that each of the plurality of 
depressions located around a junction defined by two poles has been removed. A similar feature 
has been added as a new dependent claim. Dependent claim 16 clarifies that the peripheral edge 
has a second constant radius between the plurality of depressions. Claim 17 has also been 
clarified to state that the other of the rotor yoke and the permanent magnet ring has a radial edge 
with a third constant radius. This radial edge is adjacent the peripheral edge. 

It is respectfully submitted that neither Suzuki et al. nor Takahashi nor any 
permissible combination thereof teaches or suggests all of the features of claim 15 and its 
dependent claims. Specifically, Suzuki et al. neither teaches nor suggests the feature of claim 15 
of the permanent magnet ring having a radial edge opposed to the rotor yoke, the radial edge 
having a first constant radius, and the feature of claim 15 that one of the rotor yoke and the 
permanent magnet ring includes a plurality of depressions along a peripheral edge adjacent the 
other of the permanent magnet ring and the rotor yoke. In Suzuki et al., the grooves in the rotor 
magnet 9 are located on the peripheral edge of the rotor magnet 9 facing the stator 4, not adjacent 
the rotor yoke 8. Thus, the peripheral edge of the rotor magnet 9 opposed to the rotor yoke 8 
does not have a constant radius, it is characterized by grooves. 

Further, there exists no motivation, teaching or suggestion to incorporate any of 
the rotors, such as rotor 107, from Takahashi into Suzuki et al. As described with reference to 
Fig. 32, a permanent magnet rotor 505 is mounted on the rotary shaft 504 of the motor 501, 
facing a stator 506. (Takahashi, col. 15, 11. 36-48 and Abstract). In contrast, Suzuki et al. teaches 
an outer rotor type 3-phase DC brushless motor. (Suzuki et al., col. 3, 11. 37-40 and Fig. 5). 
These teachings can not be combined without changing the fundamental structure and teaching of 
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Suzuki et al. that grooves along the peripheral surface of the rotor magnet 9 facing the stator 4 
are necessary to obtain the proper magnetic flux density. For the foregoing reasons, the invention 
as defined by claim 15 and its dependent claims 16-20 is not rendered obvious by cited 
references. 

With this Amendment, new claims 21-28 have been added. Claims 21-24 depend 
from claim 1 . Claims 25-28 depend from claim 15. It is respectfully submitted that each of these 
claims includes patentable features not found in the cited prior art. Each is also allowable by 
dependency from an allowable claim. 

It is respectfully submitted that this Amendment traverses and overcomes all of 
the Examiner's objections and rejections to the application as originally filed. It is further 
submitted that this Amendment has antecedent basis in the application as originally filed, 
including the specification, claims and drawings, and that this Amendment does not add any new 
subject matter to the application. Reconsideration of the application as amended is requested. It 
is respectfully submitted that this Amendment places the application in suitable condition for 
allowance; notice of which is requested. 

If the Examiner feels that prosecution of the present application can be expedited 
by way of an Examiner's amendment, the Examiner is invited to contact the Applicant's attorney 
at the telephone number listed below. 

Respectfully submitted, 

YOUNG, BASILE, HANLON, 
MacFARLANE, WOOD & HELMHOLDT, P.C. 

William M. Hanlon, Jr. X { 

Attorney for Applicants y 
Registration No. 28422 / 
(248) 649-3333 

3001 West Big Beaver Rd., Suite 624 
Troy, Michigan 48084-3107 
Dated: October 24, 2002 
WMH/MLK 
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VERSION WITH MARKINGS TO SHOW CHANGES MADE 


In the specification: 

Please replace paragraphs [0023] - [0024] with the following paragraphs: 

Figs. 2A-2C are three examples of possible shapes for the depressed portions of 

the magnet ring of the rotor design of Fig. 1 [ and the rotor yoke of the rotor design of Fig. 3]; 

Fig. 3 is a plan view of a six-pole rotor design of another aspect of the present 

invention; [and] 

Please replace paragraph [0025] with the following paragraph: 

Fig. [4]5 is a graph of rotor angle versus magnetic flux density of a motor 
incorporating the rotor designs according to Figs. 1 and 3[. ]: and 

Please replace paragraph [0026] with the following paragraph: 

The present invention is intended to reduce cogging torque in permanent magnet 
motors by improving the alignment of magnet poles as is shown in the drawing, particularly in 
Figs. l-[3] 4 and 6 . Figure 1 shows a four-pole rotor design according to one aspect of the 
invention. Specifically, Fig. 1 shows a rotor 10 surrounded by a stator core 12 without windings. 
The stator core 12 is preferably a stack of ferrous stator laminations. Here, the stator core 12 is a 
twelve-tooth design by example only. The rotor 10 is mounted on a rotatable shaft 14. The yoke 
16 of the rotor 10 according to this aspect of the invention is an annular steel yoke 16 extending a 
predetermined radius R x from the center of the shaft 14. Alternatively, the yoke 16 comprises a 
stack of ferrous laminations 54 as shown in Fig. 6 . Coupled to the yoke 16 is a ring magnet 18 
with a peripheral edge 20 at a maximum radius R 2 from the center of the shaft 14. 

Please replace paragraph [0029] with the following paragraph: 

The depth and width of the shape is derived from an iterative process starting 
when a rotor 10, including the number of poles and the shape and size of the depressed portions 
26, is chosen. Then, numerical modeling of the rotor 10 and stator, such as a stator incorporating 
the stator core 12, is performed to calculate cogging torque, output torque, magnetic field 
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strength and other machine variables for the particular electric machine design. The depth or the 
width of the depressed portions 26 is adjusted, and the numerical modeling is performed again 
until the machine design is optimized. The shape may also be changed. The machine design is 
optimized when the magnetic field generated by the magnets is roughly sinusoidal as shown in 
Fig. [4]5, and other machine variables are optimized. For example, an optimized design 
maximizes output torque and minimizes cogging torque. Of course, the machine must be 
designed to operate in the linear range of its flux density curve. Other variables of the machine 
design known to those skilled in the art are also modeled and can be included in the optimization. 

Please replace paragraphs [0032] - [0036] with the following paragraphs: 

[Fig.] Figure 3 shows a rotor design according to another aspect of the invention. 
The rotor [10]100 is mounted on a rotatable shaft 14 and includes a yoke 30 surrounded by an 
annular ring magnet 32. As previously discussed, the ring magnet 32 is formed of a magnetic 
material, either a rare-earth magnetic material or a ceramic magnetic material and can be formed 
by extrusion or by pressing. The ring magnet 32 of Fig. 3 has six pole s, each generally centered 
at line 34. The poles of the ring magnet 32 can be formed by subjecting the ring magnet 32 to 
either radial or parallel magnetization. 

The yoke 30 of the rotor [10]iQ0 comprises a stack of ferrous laminations 
extending to a maximum predetermined radius R 4 from the center of the shaft 14 to a peripheral 
edge 36. The yoke 30 can include skew. In another aspect, the yoke 30 is a solid steel yoke. The 
yoke 30 is roughly annular in shape but has a plurality of depressed portions, or depressions, 38 
along the peripheral edge 36[, each] . Each depressed portion 38 is located and preferably 
centered about a junction 40 [defined by] at the midpoint between two poles , each of which is 
centered at a line 34. The depressed portion 38 of the peripheral edge 36 in the embodiment of 
Fig. 3 extends from radius R 4 to a minimum radius R 5 along a radial path, follows a 
circumferential path along the same radius_R 5 , then extends along another radial path to the 
peripheral edge 36 at radius R^ to form a shallow, roughly trapezoidal shape. 

The shape of the depressed portion 38 of the peripheral edge 36 of the rotor yoke 
30 is shown as a roughly trapezoidal shape by example only. Each depressed portion 38 can 
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form any shape located around the junction 40. Preferably, each depressed portion 38 is the same 
shape, and each is symmetrical about the junction 40, but this uniformity is not necessary. 
Figures [2A]4A through [2C]4C show three examples of other shapes the depressed portion 38 
can take. The depressed portion 38 of Fig. [2A]4A forms an arc roughly ovoid in shape, i.e., the 
depressed portion 38 starts at the outside peripheral edge 36 and approaches the edge of the 
rotatable shaft 14 in a continuously curved segment and returns to the outside peripheral edge 36. 
In the aspect shown in Fig. [2B]4B, the depressed portion 38 forms the apex of a shallow triangle 
in the peripheral edge 36 by two edge segments each starting at the outside peripheral edge 36 
and joining at a point [42]48 closer to the rotatable shaft 14. Finally, Fig. [2C]4C shows the 
depressed portion 38 as a scallop-shape depression in the peripheral edge 36. The scalloped- 
shaped depression 38 is formed of two of more concave arcs [44] 50 (only two shown) starting at 
the peripheral edge 36 and extending into the ring magnet 18. Each set of concave arcs [44] 50 
join at a smaller convex arc [46] 52. The depressed portion 38 can also take the shallow, concave 
groove shape of the depressed portion 26 of the ring magnet 18 shown in Fig. 1. 

The depth and width of the shape, as was previously described, is derived from an 
iterative process starting when a rotor [10]100, including the number of poles and the shape and 
size of the depressed portions 38 are chosen. Then, numerical modeling is performed to optimize 
the particular machine design by changing the size, i.e., the depth or width, of the shape. In some 
circumstances, the shape itself must be changed during the iterative process. The depth or the 
width of the depressed portions 38 is adjusted, and the numerical modeling is performed again 
until the machine design is optimized. Consistent with the previous discussion, it is desired in 
the design that the magnetic field generated by the magnets is roughly sinusoidal as shown in Fig. 
[4]5, and other machine variables are optimized. 

As mentioned, the yoke 30 of the rotor [10] 100 preferably comprises a stack of 
ferrous laminations. The laminations are formed of thin, metal sheets pressed, or stamped, then 
joined by conventional means to form the yoke 30, which can be skewed. The yoke 30 can also 
be created by pressing powdered metal into a shaped mold, which is then sintered to form a solid 
metal yoke. Alternatively, whether the yoke 30 is a solid metal yoke or a stack of laminations, 
the shape of the yoke 30 can be formed first by creating an annular peripheral edge 36, then 
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forming the depressed portions 38 through machining techniques. The yoke is mounted on the 
shaft 14 according to conventional means. 


In the claims: 

1 . (Amended) A rotor for a permanent magnet motor, comprising: 
a rotor yoke; and 

a permanent magnet ring mounted on the rotor yoke, the permanent magnet ring 
including a plurality of circumferentially spaced pole s, and wherein a radially-inner peripheral 
edge of the permanent magnet ring has a constant diameter ; 

one of the rotor yoke and the permanent magnet ring being an annular member 
including depressed portions along [an outer] a radially-outer peripheral edge[, each depressed 
portion located around a midpoint between two poles]; and 

the depressed portions shaped so the motor produces a sinusoidal flux density 
during operation. 

2. (Amended) The rotor of claim 1 wherein the other of the rotor yoke and 
the permanent magnet ring is [an annular ringj ring-shaped . 

1 5 . (Amended) A rotor for a permanent magnet motor, comprising: 
a rotor yoke; and 

a permanent magnet ring [mounted onj adhered to the rotor yoke, the permanent 
magnet ring including a plurality of circumferentially spaced poles and the permanent magnet 
ring having a radial edge opposed to the rotor yoke, the radial edge having a first constant radius ; 

one of the rotor yoke and the permanent magnet ring including a plurality of 
depressions along [an outer]a peripheral edge adjacent the other of the permanent magnet ring 
and the rotor yoke ; 

[each of the plurality of depressions located around a junction defined by two 

poles;] and 
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the plurality of depressions shaped so the motor produces a sinusoidal flux density 
during operation. 


16. (Amended) The rotor of claim 15 wherein the [outer] peripheral edge [is 
annularj has a second constant radius between the plurality of depressions. 

17. (Amended) The rotor of claim 1 5 wherein the other of the rotor yoke and 
the permanent magnet ring has [an annular outer peripheral] a radial edge having a third constant 
radius and adjacent the peripheral edge . 


New claims 21-28 have been added. 


